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(Laboratory of Gas Reaction Kinetics) 

Investigation of the kinetics and mechanism of the 
H^nrrmoiition reectioi), and also the regularities of the 
™??*E?S« ar? wloslon reactions of ozone has considerable 
?niere"? fS? the theory of chemical kinetics.  The compar- 
™ I? til  kiretics of slow reactions with the regulari- 
se" or en?lamn^ combustion, and explosion of ozone makes 
Po!siDle a tesi of  the theory of these processes.  The sei- 
S^non of the reaction of ozone decomposition as an ob- 
iectSf study is accounted for by its relative simplicity 
Sfrh^esit possible to establish that the mechanism 
and kinetics o/SSis reaction is not substantially varied 

ifl;JSiMoii5 of combustion and explosion, while at the 
"Trt tiTe  more complicated reactions studied for this pur- 
Sse show a characteristic change in the reaction mechanism 
iSthe transition from a low-temperature reaction to com- 

bustion. 

Kinetics and Mechanis^of^th^Sio^l^ac^ojLof 
"Ozone De_comp_ogitiol 

The ozone decomposition reaction has stirred up es- 
ÄaMfi1 Interest in investigators in regard to the fact that, 
P Itt  Site of data on the quantum yield of the photochem- 
JSal ?eac?ion one c:n°assumeqthe existence in this process 



of chain .reactions* However, a small excess of the quan- 
tum yield over- the value n * 2 during gaseous-phase decom' 
position has made this assumption somewhat doubtful* 

In spite.of the considerable number of studies, th^ 
kinetics and mechanism of the thermal decomposition are 
still not fully understood. In particular, various studies 
have resulted in various values for the - energy of activa- 
tion (from 18 to 31 kcal). It has not been clear %hy the 
pre-exponential multiplier of the second-order constant 
exceeds by 100 - 1000" times the number of binary collisions. 
Several investigators have explained this fact by the ex- 
istence of chain reactions? others have related this resa 
to the involvement of internal degrees of freedom in the 
activation. However* both points of view have not been 
sufficiently substantiated. 

Earlier works devoted to the study of ozone decom- 
position have been examined in detail by Kassel*(1). In 
recent years a number of new studies have been published 
devoted to the study of the explosion properties(S) and 
the combustion(3) of ozone» A study by Benson and Axworthy 
has recently appeared, devoted to the investigation of the 
kinetics of the thermal decomposition of ozone(4). How- 
ever, this study does not contain new data that is essen- 
tial for the clarification of the reaction mechanism. 

The  first question which arises in a study of the 
mechanism of ozone decomposition is the question of the 
existence of chain reactions«, Chain reactions can exist 
owing to the excited oxygen molecules forming in the pro- 
cesses: 

■P 
LA. CD 

(2) 

An atom chain reaction can exist on the basis Of 
the process      ._,,.^  w '...'..:.- 

■VM^: 
:
'>i* 

;. r \-l~> 

(3) 

!and process (2). 
We- believe-that chain reactions.can more clearly 

appear in the photochemical-'decomposition of liquid ozone 
inasmuch as the associated liquid (which is the state of 
liquid ozone) provides more favorable conditions for the 
ieffective transmission of excitation energy through the 
molecules than does the gaseous state. Measurements have 
i.been carried out(5) of the quantum yield of the ozone de- 
icomposition reaction in the liquid phase at -183° C. As. 
Ua—c#sult -of ^t-hese----.exper.imen.ts._i.t--has._bBÄa. 
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the value of the quantum yield is approximately 20 molecules; 
at the same time according to our measurements the value of 
the quantum yield in the gaseous phase is about three, and 
according to the data of other workers, it is from two to 
six molecules per single quantum.  Thus, in the liquid phase 
the photochemical decomposition of ozone evidently occurs 
essentially on the basis of atom chain reactions in the 
mechanism. However, starting with the value of the quantum 
yield of the gaseous-phase photodecomposition reaction of 
ozone it is possible to show that in the thermal decomposi- 
tion of gaseous ozone chains play practically no significant 
role. 

A characteristic feature of the Ozone decomposition 
reaction, which up to the present has received relatively 
little attention is the change in the value of the kinetic 
constants as a measure of the subsiding of the process, 
that is, change in the ratio of oxygen content to ozone. 
This is related above all to the measured energy of activa- 
tion in the reaction. Figure 1 shows the activation energy 
as a function of the ozone content in the mixture. The 
graph displays a plot using our data(6)and data obtained 
by other investigators(7-ll). From the data presented it 
is clear that the effective activation energy varies as a 
function of the composition of the mixture, from 18 to 30 
kcal.  In the interval of ozone concentrations from 15 to 
70 %  the energy of activation is practically constant and 
is 24-24.5 kcal. 

The pre-exponential multiplier of the second-order 
reaction rate constant also is a function of the mixture 
composition.  The corresponding data is displayed in figure 
2.  The number of binary collisions under conditions of 
the experiments is of the order of 10^.  In concentrated 
ozone mixtures, therefore, the pre-exponential multiplier 
is less than the number of binary collisions by 10-100 
times, and in diluted mixtures it is larger than the number 
of binary collisions by 100-10000 times.  In the interval 
of ozone concentrations 15 to 70 % the pre-exponential mul- 
tiplier is practically constant and is larger than the num- 
ber of binary collisions by approximately 100 times (1.5 x 
x 10^5 l/(mole)(sec).  Similar-results have been obtained 
also in other studies. 

The dependence of the energy of activation and the 
pre-exponential multiplier on the mixture composition (or, 
which is the same, the extent of change) is evidently re- 
lated to the fact that the specific weight of various ele- 
mentary reactions which have different energies of activa- 
tion and a different pre-exponential multiplier varies as 
the ratio between the ozone and the oxygen contents changes. 
We will look at the most probable elementary stages of ozone 



"decomposition, and at values for the energies of activation 
(E) and for the pre-exponential multipliers (kQ) that we 
obtained for several individual stages: 

® * „   AJMliAU-CfK /;.  KKMI 

1 •       O-, -r a., -*■ 30ä   . 4,5-lü8 18 ;-19 
■2.       o.,J M -+ 04J-0-f AI -- 25-:-26 
:>.       0-i-03 -+■ 2(X 2,3-10» 5,0 

4.       0+ 02-4-Af -*. 0;14- A! ... 
5.       <X -1 03 ->■ 202 -f O _... ..... 

6.       Oj+iM -*- Oj+'W _ ~ 

LEGEND:     &•--  kr.,   l/( mole)(sec);  E 

Herein can represent either a molecule of 0, or 0^» 

or a molecule of any inert gas.  If excited 02 molecules 

are formed in reactions 1 and 3, then a chain reaction is 
possible, which consists of reactions 3 and 5»  In this 
case processes of deactivation can also play a part (re- 
action 6). 

© 
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CtatptxaMue Os, % 

PHC. . 1. 3aBHCHM0CTb   sHeprnH ai<- 
THBasiHH OT cocraaa CMecH: 

/—A4HHH» HlyiMxepa H   rjiHccMSHa';   ?— 
tHHfclt ' BfHCOH«    H   3KCB0PTH<;   S—flaHHHe 

i««eHTaS; 4—ntnmM rpwt><}>HTa«; Ssaw- 
Hjje Byjib&a H TojiMaoalO; 6—«aHHbie rap- 
BHKaU.   (Ocrajn>»i>ie TOIKH  up«soft  wain« 

flSHBhte«). 

WO' 60     SO      W     20      0 
Gukpxaxat Os,ft   % 

PHC. 2. 3aBHCKM0CTb npe/OKcno- 
KeHunajibHoro MHOscHT&njt KOHCTaH- 
TN peaKUHH   BToporo nopstjiKa   6T 

«WepjKaHHH 030Ha B CM6CH. 

LEGEND:  A — Endrgy of Activation, kcal; B — Ck 

content, %\   C — Fig. 1. Energy of Activation as Function 
of Mixture Composition; D — 1 - Data of Schumacher and 



LEGEND (continued): Glissman(7); 2 - Data ox Benson 
and AxworttiY(4): 3 - data of Clement(8); 4- - Data of Grif- 
fith??) ; 5 - Data of Wulf and Tolman(lO); 6 - Data of Gar- 
vin(ll) (Remaining points on the curve' are our data(6))» 
I -- Fie-. ?. Pre-exponential multiplier of the second^ 
order reaction constant as a function of ozone content in 
the mixture. 

The bimolecular reaction 1 obviously has a smaller 
ererrr of activation than reaction 2 for which the energy 
of «rtivPtion must be not less than the dissociation energy 
It  a ofmSecufe! that is, about 24 kcal/mole.  The value 

of the energy of activation of 18-20 kcal, varying in the 
deposition of concentrated ozone, evidently is condi- 
tioned on the predominance at the start of the reaction of. 
elementary reaction 1.  The pre-exponential multiplier 

109„ 1010 is x __ 2 orders of magnitude less than the number 
of binary collisions.  This fact corresponds to the usual 
value for the steric factor in such a reaction (of the 
oSde« of 0.1 - 0.01). Parallelly with the ozone decomposi- 
tion reaction 1, in pure or very slightly diluted ozone 
reaction 2 can also occur.  In.this case M represents an 
ozone molecule.  At comparatively low temperatures reaction 
2 evldentiris less effective than reaction 1 «nee reac- 
ts on 2 reauires a greater energy of activation* The de- 
loZoi^lol  of ozoSe in reaction 2 proceeds through colli- 
SoSs with oxygen, therefore the role of reaction 2 becomes 
more important as a measure of oxygen formation.  This 
IZt  lSd to an increase in the effective activation ener- 
SJ which has also been observed in experimentation.  When 
the oxygen content is 15 " 20 % reaction 2 arising from 
collisions of ozone molecules with oxygen molecules- evi- 
Ae-rstAv  becomes predominant. dently ^ome^^    ented above for the process corres- 

ponds to the following equation for the reaction rate:  . 

Here k. - constants of the corresponding elementary stages. 
1When /0o 7 - 0 and under the condition that excita- 

tion processes'^ not play a part, equation (4) is reduced 
to a second-order equation 

v^tfa + kjio,]* (5) 



At relatively low temperatures when reaction 2 based 
on collisions with ozone is not observed, then the second- 
order equation is satisfied but with another effective con- 
stant*. 

V'«2/ej03f  • (6) 

Prom equation (6) we can evaluate approximately k-^ from 
data at low temperatures which is related to the initial 
reaction stage* __    '  «. _ 

When /u0 7 ^ /0?  7» where we can assume /0o- 7 $& 
£5 const, equation (4) also is converted into a second- 
order equation but with a much more complicated effective 
"constant" of the second-order reaction: 

V 2k -r 
*4-[O.J 

(03]« = ft'lOBj* (7) 

.From the data for the intial period of the reaction 
according to equation (6) at temperatures up to 100° C 
we can obtain a value of the pre-exponential multiplier, 
for kn , of 4.J? x 10" l/(mole)(sec) and an energy of activa- 

k2 tion of 18 - 19 kcal.  The ratio -— is the equilibrium 
*4 

constant for the dissociation reaction 0X<ZT 0~ + 0. Using 
the values of k' obtained for ozone decomposition in dilut- 
ed mixtures containing 2 ~ 3 %  0,, and adopting for k^ the 
values obtained for the initial stage of the reaction, and 
also for k0/k. data from the thermodynamic equilibrium(4), 

d      4 
it is possible to calculate the values for k, at various 
temperatures. The calculation has yielded for reaction 3 
an energy of activation of 5 +1 kcal. 

Attention is now turned" on the closeness of. the 
values for the pre-exponential multipliers in reactions 1 
and 3 while the" energies of activation are widely separated. 
This indicates that the steric factors for both reactions 
are close in value. 

We will look at the possible explanation for the 
fact that the value of the pre-exponential multiplier for , 
the second-order constant surpasses the number of binary 
collisions.  Under conditions in which equation (7) is sat- 
isfied, that is, in dilute mixtures and at relatively high 
temperature 



2Av ks 
Consequently 

y ^ .  
'     MO,] 

Inserting values for k^ and k2A4, and for /0>2J', we obtain: 

-24 600        -S0ÖO 

that is, a high value for the effective energy of activa- 
tion and a value for the pre-exponential multiplier of 
the "second-order constant" kj that i£ greater than the 
number of binary collisions by 104- 105 times.  This is 
a result of the fact that in dilute mixtures a bimolecular 
reaction actually does not take place.  Consequently, the . 
"second-order constant" does not characterize any process 
occurring through binary collisions but is a combination 
of constants for various elementary stages.  This also 
explains the change in the value of the effective energy 
of  activation (up to 27 - 31 kcal) as the composition of 
the mixture changes. 

Thus, in order to explain the fact that the pre- 
exponential multiplier of the second-order constant exceeds 
the number of binary collisions it is not necessary to in- 
troduce an assumption about the existence of chain reac- 
tions or the involvement of internal degrees of freedom in 
the reaction, as this has been done in the studies of 
Schumacher and Sorenger(12). 

If assumptions of chain reactions are not introduced, 
then stages 5 and 6 are excluded and equation (4) drops 
out; at this point the expression set forth above for lim- 
iting cases is maintained.  In the interval of ozone con- 
centrations from 15 to 70 % the reaction rate can be ex- 
pressed as a second-order equation: 

_-_24500_ 

V = 1,5.10»« Kf   I03l
e (8/ 

Equation (8) has also been used by us in the analysis of 
data obtained in the enflaming, combustion, and detonation 
of ozone. 

Enflaming of Ozone 

The-enflaming of gaseous ozone and of its mixtures 
with oxygen at various pressures and temperatures has been 
investigated.  We enflamed the mixture in a heated vessel 
with an'electric spark. The measurements were carried out 
in spherical, glass vessels that were 34.5, 25.5, and 14.9 
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mm in &iameter(13)•  Figure 3 shows a graph of the lower 
limit of enflaming of gaseous ozone in a heated vessel as 
a function of the temperature of the vessel walls. 

In figure 4 the graph of the critical pressure of 
enflaming as a function of temperature for ozone-oxygen 
mixtures containing 5 and 10.% ozone is displayed. The 
dependence of the lower limit of enflaming on the vessel 
diameter can be expressed by the following relationship:. 

,p-d = const (9) 

As is known, this relationship is satisfied in the 
enflaming of other burning mixtures also. 

In order to clarify the nature of »ozone enflaming, 
the effect of various inert substances and of surface on 
the position of the lower limit of enflaming has been stud- 
ied. We used substances which are inert in relation to 
the ozone decomposition reaction, and which have different 
heat conductivities, gas-kinetic radii, and heat capacities 
(02, H20, C02, SO,, and SiF^). 

As the measurements have indicated, the px*essure 
at the lower limit of enflaming is slightly increased upon 
introducing large amounts of Op* QOp, SO,, and SiF^,; the 
effect of water vapor has not been detected.  Introducing 
packing into the reaction vessel does not have a signifi- 
cant effect on the lower limit of enflaming.  The measure- 
ments indicated that the upper limit to ozone enflaming 
does not exist.  The absence of an upper limit of enflam- 
ing and also the absence of any significant effect of the 
packing, inert gases', and treatment of the vessel walls 
on the position of the lower limit show that ozone enflam- 
ing has the characteristics of a thermal explosion. 

The data obtained has been calculated according to 
the approximate equation of the theory of thermal enflam- 
ing due to Semenov(14): 

B 

—mrfi*°~*..s  e (10) 

where p = pressure at the lower limit, mm of Hg. •; 
T = temperature,  K; . 
Q = heat effect of the reaction (3^«5 cal/mole); 
E = energy of activation, kcal/mole; 
n = reaction order; . 
R « gas constant; 
N = 6,023 x 1023; 
v -  vessel volume; 
x -~ coefficient of heat transfer; 
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fixere s * vessel surf&ca» 

PHC 3. 3aBHCHM0CTb HHHwero npeAejia Bocnjia- 
MeHeHaa 030H3 OT TeMtiepaTypu npu pa3.iiwHUX 

ÄHaMSTpax cocy^a: 
0-tu.iOTJiaMeHeuBe;  ö-orcyTcrime 8oquta«eBeH»a.  t—d<~> 

34.5 MM: 2-d~2S,5   MM; 5-4-14.9 MM. 

LEGEND:  A ~ p, mm of Hg.; B ~ Fig. 5. Lower 
limit of ozone enflaming as a function ^ ^et^ratnre 
using various vassel diameters; C — a - enflaming, O 
abseSce of enflaming. 1-d - 54."5 mm; 2-d - 25-5 mm; 3-d - 
= 14'9 When n = 2, the following relationship must be sat- 
isfied 

.^ — ■A-'J-B (ID 

where 
(12) 

JB = 
N-Ri.-s 

Q-vk-e-E-W* 
(13) 

In figure 5 the dependence of lg^ on y  is dis- 

played for an enflaming reaction for undiluted ozone.  As 
?s seen ?rom the figure, experimental data corresponds to 
a linear dependence according to equation (11).  Analogous 
Lnc?ioL Sve been obtained also for ozone-oxygen mixtures. 
The slope of the lines have yielded a basis for calculation 
oTtSe value of A.  Adopting n . 2 according to equation 
;iv  ,r_ .v^-4- fln enerp-v of activation equal to 21 Kcal, 
Sen L close To IZ^alle  found for a slow decomposition 
reaction (24 kcal). 
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150] 

<£.tt)ß ■ 

too 150 300 

t'C 

350 iOC 

W  4    SaBHCHMOCTb   HHKHcro   upeaejia 
BoenaaMeHeHH» OT «MnepaTypw^Ji« eao- 
\ HO-KHCJIOpOAHMX    CM6CCH: 

J~5% oaoBa * «wen; 2—10%   oao»a B cwccn. 

P«c! 5. BaBHCHMOCTb lg -ft 0T ~f" «-»a *»«■■- fg) 

ri^aMCHeHHa osona: :, 
' »—KOiiTHiecKoe aaauieinte Bocn.MMCHeHHS»   B ,«.«.   pmj 

on- ?—TewnepaTypa, °K. /-SMaMcTp coeywi 25,r> jut;^ 
2—jviaMeTp 34,5 *.«. 

LFGFND-  A — X), mm-of Hg; B — Fig. 4. Lower limit/ 
of erflsminp: as a function of the temperature for ozone- 
oxvrer'mixtures; C — a - enflaming; £- absence of en- 
?wSr-? 1 - 5 % ozone in mixture; 2 - 10 %  ozone in 'mix- 
trUi "D — FiR. 5. Dependence of lg(P/T2) on 1/T for ozone 
"flpmir.r- E ~~ v ~  critical pressure at enflaming, in 

mm of" HßV'T -'temperature, °K; 1 - vessel diameter = <^.5 
m„. p — "dipmeter - 5/+*5 mm. , 

Ashes been shown by Prank-Kamenetskiy(15) , thermal 
explosion in s spherical vessel occurs with a value for 
the explosion criterion 

r*-kii-a
n-Q-E-e_ 

E 
RT 

-"Kp. N-R-T*-\ 
=■3,32 (14) 

where , cm; r = vessel radius 7 -- , 
a = number of molecules per unit volume;   ^    ^ 
i --• coefficient of thermal conductivity, caxAcm;- 
A     -(sec)(deg). 

In table 1 results of the calculation of § KP are 

prese 
equal 

with 

ature 
of th 
•perim 

nted on the basis of formula (14-).  The kinetics 
ion (&)   was used in the calculation.   . 
The'mean value of §kp = 4.9 satisfactorily agrees 

the critical value equal to 3 »52. 
On the basis of equation (14) the enflammg temper- 

was calculated for various pressures.  The results 
e calculations- are compared in table d  with the ex- 
ental data« 
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Tociepa- 

573 
523 
523 
490 
49) 
448 
435 

mtsMieu npe- 
Ä&ne J° 

MM prn. cm.. 

4.8 
9,7 

15,8 
15,5. 
23,2 
32,6 
66,0 

LEGEND: 

TABLE     1 
PesysuttstH pac«i«ra Sap. 

nJSonpo»oa.>«K»B 
5..10» 

xeAJCH-txK-tpad. 

TeiwionpoBOS- 
BOCTb, C„ 
KaAJepaa 

Pawc c0£y- 

ex 
°Kp. 

7,60 
7,05 
7,05 
6.69 
6,69 
6,05 
5,94 

9,71 
9,41 
9,41 
9,18 
9,18 
8,83 

1,75 
1,75 
1,27 
1,75 
1,27 
1,75 
1,27 

7,1 
6,0 
8,3 
4,2 
4.9 
2,7 
3,0 

A Results öf the calculation of 8 'kp' 
B — Temperature» °K; C ~ Pressure at lower limit, P in ^ 
mm of HF; D — Coefficient of thermal conductivity,K x 10 , 
C8l/(cm)(sec).(deg); E — Thermal conductivity» Cy, cal/deg; 
I» — Vessel radius, r, cm» 

TABLE 2 

^anneHHe O3 
MM  pm. cm. 

3aBHC«*socTb TeiwneparypbJ BOcnJaMCHCHi« or ga^otHn  -  

flaaMetp cocysa  34,5 Jt* 

32,0 
15.5 
12,0 
9,7 
7,0 
4,8 

448 
490 
505 
523 
548 
573 

:453 
484 
498 
509 
525 
547 

MM pm. cm. 

jötHasierp  cocyÄ». 25,5 MM 

66 
37,6 
23,2 
19,2 
15,8 
12,0 
10,0 
8,5 

435 
459 
490 
5!5 
523 
548 
553 
573 

433 
458 
479 
489 
500 
515 
524 
533 

Enflaming temperature- as a function 
pressure', mm of Hg; C — Experimental; 

E^-^Temperature, °K;°E -- Vessel diameter 
.5 mm» 

LEGEND:  A — 
of pressure; B — 0- 
D — Calculated; 
= 34* 5 mm, vessel diameter  .., , .-..,_ 

" As is seen from table 2, we have a satisfactory 
agreement between the experimental and the calculated values, 
This shows that the critical condition of ozone enflaming 
end also for its mixtures with oxygen.IB found insatifi- 
Factorv agreement with the data relating to the kinetics 
of the' slow reaction of ozone decomposition. 
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Rate of Ozone Combustion 

In order to clarify what kind of 
exists between the kinetics of the slow 
rate of ozone combustion data is needed 
flame propagation in ozone and in ozone 
Since the literature reveals only the 1 
is and El*be(l6), we conducted measures 
of ozone combustion in mixtures contain 
rate of flame propagation was measured 
with an ooen end. In view of the small 
a photoelectric method,(l?) was used (fi 

relationship there 
reaction and the 
on the rate of 

-oxygen mixtures, 
imited' data of L'yu- 
ents of the rate. 
ing oxygen.  The 
in a horizontal tube 
flame activity . 

g. 6). 

aao 

wo - 

I 

«5 

o-f 

50 WO 

K 

PKC.  6.     SaRBCHMOCTh    ROpMäJlbHOfi 
CKOpOCTH ropeuHfl    OT    COÄCpjKaHHH 

Os B OaOKO-KHCJlOpOAHOfi   cwecu: 
/—^.iHiibie ITfrpenra   11 TpocceS;   2—aamiHe 

JltH)Hcan ÖJiböei*; S—Ham» flani!H«i?; 
Kpuuaa patxnvrana no  ypasHfiHMio (15). 

LEGEND:  A Combustion rate, cm/sec: B ■— 07 con- 
tent, %;   C —• Fig. 6.  Normal combustion rate as a function 

" '       "        ••v+-1-ir>üc.  i — Data of of the 0X content in ozone-oxygen mixture! 
^- -     "*"v ■"" Data of L'yuis and Elf be (16).; Streng and Grosse(16); 2 

3 our data(l?);' curve is dr»wn based on equation (15)« 

After we carried out this study there.was published 
data of Streng and Grosse(5)» which they obtained by a 
burner method /metodom gorelki?.  On the basis of the 
graph we can arrive at the conclusion that the values of 
the normal combustion rate that were obtained by various 
methods agree among each other. 

The-assumption of the invariance of the reaction 
kinetics under combustion conditions made feasible the 
theoretical calculation of the combustion rate based on 
kinetic data.  Such a calculation has been done by Karman 
(18); the data agrees satisfactorily with the data of the 
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study(3). 
We carried out calculations of the normal "combustion 

rate on the basis of the equations of Zel'dovich—Frank- 
Karaenetskiy(19)• 

A condition of the applicability of the approxima- 
tion equations of this theory is the criterion expressed 
by the eauation 

where T = combustion temperature; 
and E = energy of activation, kcal. 

Adopting the value of 24-.5 kcal for the energy of 
activation» we obtain for this criterion for mixtures con- 
taining from 18 to 100 %  ozone, "values from 0.085 to 0.223. 
For concentrations which we used for the measurements 
(from 26 to 4-5 % 0X) the mean value of the criterion was 

-<• 

approximately 0.1. Thus, the use of the approximation 
equations is permissible» 

The calculation of the combustion rate was carried 
out on the basis of the equation: 

where U = normal combustion rate, cm/sec; n iff 

)*  = coefficient of thermal conductivity of the com- 
bustion products,- kcal/(cm)(sec)(deg); 

C* -  heat capacity of combustion products, kcal/(g)- 
P -(deg); 
k = pre-exponential multiplier in the Arrhenius 

equation, cm3/(mole)(sec);   "    -, 
e.Q -  initial ozone concentration, mole/cm ; 

E = 24.5 kcal/mole; 
^Q = density of the mixture of starting materials, 

L = heat effect of the reaction, kcal/g; 
Tn = initial combustion temperature, °K; r 
■0 

n-, and 
rip  -  number of moles, respectively, of the starting 

materials and the reaction products 

A— V 
B  ~~ CppD 

where D = coefficient of ozone diffusion in oxygen. 
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In the calculation the equation of the reaction 
rate (8) was assumed; and the combustion temperatures were 
calculated in an adiabatic approximation, taking, into ac- 
count the dissociation of oxygen.  The calculation results 
based on equation (15) are shown in fig. 6. 

The calculated dependence of Un on the mixture com- 

position agrees approximately with the experimental. How- 
ever, the absolute values are less than the experimental 
values.  A comparison of the data with the calculated val- 
ues of Karman(18) have indicated that in adopting the ap- 
proximation the calculated values have deviated from the 
/experimental on the opposite side. ; At the same time the 
values of the deviations, from the experimental values is 
less than those in the approximation that corresponds to 
equation (15). 

In comparing the studies obtained in the studies 
(5,17) we can arrive at the conclusion that the ozone com- 
bustion rate in mixtures with oxygen corresponds to the 
kinetics of the reaction of the thermal decomposition of 
ozone. 

Detonation of Liquid Ozone 

According to Khariton(20) the critical condition 
of detonation of explosive substances is also dependent 
on the kinetics of the chemical reaction leading to the 
explosion.  If the kinetics of ozone decomposition under 
these conditions is the same, then there must exist a re- 
lationship between the kinetics conditions, namely, the 
critical diameter of the charge in which a stable ozone 
detonation can occur, and the data set forth above that 
concerns the thermal decomposition kinetics for ozoije. 
This dependence can be expressed by the following equation: 

where d, = critical charge diameter, mm; 

A = constant; Q 
T-p = temperature at front of detonation wave, K; 
'T = temperature close to the temperature of the 

e   explosion products, °K; 
E = energy of activation for the chemical reaction, 

kcal; 
and  R ~  gas constant. 

Inasmuch as not all' constants that enter into equa- 
tion (16) are known, investigation of this problem can be 
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conveniently conducted by using a mixture of ozone with 
inert substances of various concentrations. 

® 

\*   B ■ 

PHC.  7.  FlpHÖop äJJü HC- 
c/te^oBaHHa BSPHBOB 030- 

i:a: 
/—TpyöKa jDifl tiiiHiyiafopa; !— 
TpyöKa AJIH B»Jjj;a OSOHS H apy 

KDau; i- 
3— oaKyyMMwß 

0,*       0,J 
'£««&« aunt 

KC. 8. SaBHCHMOcti. KpHTmecKoro AaameTpa 
iapTOa or cosepHtaHMS   praJimHux pasöasH* 

T&aeft: 
^^ia—»rcyrCTSiie yCToft«ttiso8 AfcrotiaaHii; Ö—npoxoxwai»« 
ffc/aeTOHamiH;  <s ~3ary xaiouias strcwac;»!?:  i—XHCJiopojj: 

LEGEND:  A — Fig. 7« Device for study of ozone 
explosions; B — 1 - tube for initiator; 2 - tube for the 
inlet of ozone and other substances; 3 - vacuum screen; 
4- - ground end; G — 'Weight fractions; D — Fig. 8. Criti- 
cal charge diameter as a function of the content 
diluents; E — a - absence of stable detonation; 
rence of detonation; ^-'attenuating detonation: 
gen; 2 - carbon tetrachioride. 

Letting CC stand for the weight fraction- of the ex 

of various 
&-  occur- 
1 - oxy- 

plosive 
mixture 

substance in the mixture, and 
that 

assuming for the 

E = <fc. T. E and T4 = CO T 

Khariton obtained the following equation for the critical 
charge diameter in which the mixture of the explosive sub- 
stance with an inert substance is detonated: 

dK: ■a-e RTB M (17) 
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,here äv  - critical diameter for pure explosive substance. 

• AÄÄSence of a^Äf trace 

•ndricaT   ampule  containing  .LJ-^UXU. ^^~ ,       ^.u   >.<> narxca„  diup     tubes  of various diameters*     The  length oi 
LulledPortion was IS a level  from 10 to. 30 cm.    The 
'ni'd tubePconta?nInS the liquid was place xn a steel 

i.onta ner filled with li^gg«;, ^SiS Sr fdet- reactxon was effected b^e^losion ^ ^ & supple_ 
mator capsule.    In :sevJr~i„o/__tridp.e.    Figure 7 shows 
>entary detonator — a hexogen cartridge.     *i&uj-     ' 

ty+u* -rtpvirps in which the  explosion took place. 
>ne The experts carried out indicated that the de- 
-atio^/K^ 
tfa^tfrroTA lmeteh°re      S of the  experiments ^^fi^^ 
iLw^tnrSasJfof^a^a?)?'  Sh. SLSS2 vatues 
Irawn °"  ^J®  DJht  r^l^ulation:     E - 24-000  cal/mole,  T = 
\'lSoSS&    r^retrc^tSerature for-zone —tion) , 
ind <L, = 0.15 mm for pure ozone;  CC - weight fraction oi 
»zone in the  solution.     The calculation naturally is ap- 

proximate, calculated curve fairly 
•h«ww divide« the repion of ozone  concentrations m which 
■he d^aSon^occurl from the region of ozone joncentra- 
;Kndin which detonation does not occur      Fro» the gta^ 

;f?heemixturefS£ S^.-icaS^et.i.lnad by the weight 

*f ltD ^Ss??he dependence between the detonation pro- 

iritical diameters. 

Conclusions 

i       Data presented in the article indicates that 
,nptic^rinclplSs of the ozone decomposition reaction .xnetic principles oi enflaming,  combustion, 

■e*eK«J?SnP    ThiS is conditioned in the first place 
Ttte Set"Sit Si ruction mechanism evidently varies 
.ittle under these  conditions. 
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2.  The theories which were used here for the anal- 
ysis of experimental data .and for the comparison of the 
data with the kinetics of the ozone decomposition reaction 
lead, in general, vaiidly both to general principles and 
to quantitative functions. 
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